strategies to improve the survival rate of victims of sudden cardiac arrest, with emphasis on cardiopulmonary resuscitation (CPR). The main considerations of the task force initially and throughout its deliberations were 1. The failure of current CPR strategies to save lives in many communities in this country. Even in large American cities, few lives are saved despite prehospital emergency care programs. The final measure of the success of any program must be the survival rate, without neurological deficit, of cardiac arrest victimsnot the number of persons trained in CPR or other measures.
2. The clear value of rapid defibrillation in improving the survival rates of cardiac arrest victims as well as the development of automatic external defibrillators that can be used safely by lay persons with minimal training. 3 . The apparent increasing resistance to performance of CPR because of the perceived risk of infectious disease to the rescuer. The task force was asked to 1 . Predict what optimal CPR may be in the community setting in 5-10 years and how automatic defibrillation may affect procedures 2. Define the likely implications for instruction if CPR procedures change 3. Identify areas of needed research 4. Identify how changes in CPR procedures may be brought about 5. Define the role the AHA should play in research, device availability and design, and the process of change 6. Identify AHA polices that warrant change "Report of the American Heart Association Task Force on the Future of Cardiopulmonary Resuscitation" was approved by the American Heart Association Board of Directors on October 18, 1991. Requests for reprints should be sent to the Office of Scientific Affairs, American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231-4596.
Review of Task Force Deliberations
The task force met three times and held several conference calls over 18 months. The charge to the task force and relevant aspects of CPR were discussed.
The task force reviewed the successes and failures of automatic external defibrillators (AEDs) as related by paramedics, emergency medical technicians, and the lay public, and discussed the suitability of the AEDs in certain demographic areas. Potential techniques of ventilation and its value during CPR were also discussed, as were the early studies of mouth-to-mouth ventilation, the potential use of alternative ventilation techniques, and the pathophysiology of brain damage during global ischemia secondary to a cardiac arrest.
The conclusions reached by the task force are listed in this report. The role of the AHA in the development and instruction of CPR has been central, and if the association is to continue to contribute to better care of the cardiac arrest victim, the conclusions of this task force should be implemented as imaginatively as possible.
Status and Effectiveness of Cardiopulmonary Resuscitation
A realistic assessment of the outcome of CPR indicates a poor rate of survival. In the out-of-hospital setting, early defibrillation appears to be the most important single intervention and underscores the potential value of automatic external defibrillation.1 The extent to which the perceived risk of transmittable disease has discouraged basic life support by lay bystanders is not clear. However, it is possible that this risk and the concern for the safety of paramedics and emergency medical technicians in urban communities has had an adverse effect on prompt resuscitation attempts. There is increasing awareness of the futility of routine in-hospital resuscitation of the seriously ill patient whose life expectancy is limited.2 The issues of cerebral resuscitation and indications for open-chest cardiac massage or extracorporeal circulation when precordial compression fails are largely unresolved. The measurement of expired carbon dioxide is a promising way to monitor the effectiveness of cardiac compression.3 Until recently, basic investigations of the biology of resuscita-AH4 Task Force The Future of Cardiopulmonary Resuscitation 2347 tion, both cerebral and cardiac, were not well supported. If major improvements in the application of CPR are to be accomplished, serious laboratory and clinical research is required.
Automatic External Defibrillators Use in Urban Settings by First Responders
An AED was first used clinically more than 10 years ago. In the years since, several case series as well as case-controlled studies have demonstrated the importance of early defibrillation by first responders of patients in out-of-hospital cardiac arrest. In studies evaluating the effect of early defibrillation on survival using before-and-after methods, first responders (usually emergency medical technicians) were trained in cardiac rhythm recognition and the use of conventional defibrillators. Survival rates increased severalfold after first responders provided defibrillation.4
At the time these studies were done, seminal reports on the sensitivity and specificity of automatic detection algorithms in newly developed automatic defibrillators were produced. The use of self-adhesive monitor de- fibrillator electrodes that made defibrillation safer and more suited to automatic devices was also described. In studies from Iowa and King County, Washington, the results obtained with AEDs were equivalent, if not superior, to those achieved when first responders used manual defibrillators. 5, 6 In both studies individual first responders infrequently treated cardiac arrest, and it was concluded that the use of defibrillators with automatic rhythm recognition resulted in more rapid identification of ventricular fibrillation and subsequent treatment compared with the use of conventional defibrillators. Presumably this difference was caused by hesitation on the part of operators of manual devices who wanted to be absolutely certain of the rhythm before delivering shocks.
Other studies have evaluated AEDs in urban settings with paramedic services. In a study in Seattle, the probability of survival was 2.1 times higher when firstresponding firefighters used AEDs than when they provided only basic life support before the arrival of paramedics. This effect was independent of other factors known to influence outcome after unexpected cardiac arrest due to ventricular fibrillation. To date there have been 10 or more reports of improved outcome when treatment of cardiac arrest was augmented with early defibrillation.7'8
The concept of rapid defibrillation appears so sound that the International Association of Fire Chiefs has proposed that every fire suppression unit in the United States be equipped with an automatic defibrillator and that all personnel be trained to operate these devices. Widespread acceptance of this new technology is based on acknowledgment that 1) the sooner a defibrillatory shock can be provided to the patient in ventricular fibrillation, the better the outcome; 2) the difficulty of teaching and maintaining rhythm recognition skills for first-aid personnel makes the use of conventional defibrillators impractical; and 3) the use of automatic devices is more acceptable to relatively unskilled rescuers than the responsibility attendant on the rescuers' Despite the obvious advantages of the use of AEDs by first responders, overall survival results are still generally disappointing. Survival rates during prehospital resuscitation attempts fall far short of those attained in the coronary care unit or catheterization laboratory or after unexpected cardiac arrest during supervised cardiac rehabilitation exercise programs. Prehospital studies have shown that the likelihood of survival is dependent on several factors: the cardiac arrest must be witnessed, the observer must be able to recognize the problem and know how to get help, and, most important, defibrillation must occur within a very few minutes. If defibrillation is not immediately available, initiation of CPR by bystanders will extend the window of effectiveness for early defibrillation.8
Effectiveness in Rural Settings
Nearly every small community or rural area has an organized emergency care system such as the health or fire and police departments or a private ambulance system. Volunteers are often the designated emergency care providers. In many, if not all, of these systems, paramedic services are neither feasible nor cost-effective. It is also clear that without prehospital defibrillation, the likelihood of surviving cardiac arrest is typically 5% or less, even with the best basic resuscitation. The AED thus seems a revolutionary adjunct for these responders. The Iowa studies have been particularly important in showing the feasibility of its use.5 They have also led to the development of requirements for agencies that provide basic life support services and for standardized training programs on the use of AEDs. These studies have indicated the necessity for a medical director to formulate standing orders and provide quality assurance for these programs. In recognition of the importance of AEDs, legislation has been enacted in an ever-increasing number of states to enable their use.
A new level of first responder should be designated to further minimize the time to defibrillation. Because even in the best of emergency medical systems, there is a significant delay until the first emergency team arrives, someone trained and authorized to use an AED should be present in certain public settings. This possibility has been evaluated in small studies of early defibrillation given by laypersons at public assemblies and in large buildings, senior care centers, commercial airline flights, and health and recreational clubs. Limited experience has been gained, and results have varied. 9 At the 1986 World's Fair in Vancouver, B.C., which had 22 million visitors, security personnel were trained to use AEDs. There were five cardiac arrests among the 22 million visitors. Two of the five patients had ventricular fibrillation; both were defibrillated with AEDs and recovered consciousness by the time emergency personnel arrived.'0 In another report, AEDs were used to defibrillate 30 patients in cardiac arrest: 15 were in ventricular fibrillation, and eight reverted to an organized rhythm and survived. 9 Unfortunately such successes have not been the case in every study. Cummins et a16 tested the concept by placing AEDs in several community settings. They found that training lay rescuers in industry and community settings was feasible, although retraining soon after the initial instruction was necessary for the rescuers to own decisions. maintain adequate skill levels. Three cardiac arrests occurred during the course of the study, and none were appropriately treated. In one case the trainee did not recognize cardiac arrest, in another the trainees did not use the device, and in the last, the device was not operated correctly. Ongoing studies of the use of AEDs by conductors in busy train stations in London and by flight attendants on commercial airlines will likely contribute to a greater understanding of how AEDs can be used.
Intuitively, the concept of initial defibrillation by a trained bystander seems logical, assuming that the operator can be trained to use an AED properly. There is a great desire to advance this form of early treatment because the hope for widespread, marked improvement in survival rate after the introduction of AEDs has not been realized. Furthermore, it is widely believed that the delay after collapse until definitive treatment, that is, defibrillation, is still far too long. At this time, the most evident way to minimize delay is for a bystander to recognize cardiac arrest, properly use an AED, and, if necessary, perform basic life support.
Suggestions
1. The concept of early defibrillation with AEDs has already been adopted by the AHA. It seems important to carry this one step further by making strong recommendations to the appropriate agencies that legislation be enacted to permit more direct sales of AEDs to emergency services supervisors in public companies and organizations after satisfactory completion of training. Existing health care or building safety services should be expanded to include the use of AEDs. Training, quality assurance, and record-keeping standards can be managed in the same way as other safety and health issues. It is not necessary for a physician to direct such a program; a paramedic, nurse, or safety director could supervise the program.
2. Because the incidence of cardiac arrest is low and the resources required to initiate and support a study are great, a rigorously controlled trial of widespread use of AEDs will be difficult to conduct and monitor. However, before-and-after studies or comparisons of communities with and without AEDs may yield useful information. Despite the difficulties, an assessment of the potential effect of widespread use of AEDs is extremely important. Tabulation in a case series of opportunities for lay persons to use AEDs and determination of potential time savings could provide valuable information.
Engineering and Manufacturing
Considerations of AEDs When used by paramedics and emergency medical technicians, AEDs are effective in terminating ventricular fibrillation. Recent studies indicate that AEDs can also be used by less skilled personnel. Widespread distribution of AEDs for use by the lay public may improve the rate of survival of sudden cardiac arrest. A major obstacle is the cost of AEDs, which is currently $5,000-7,000. To explore the possibility of designing and manufacturing low-cost AEDs, the task force invited industry representatives to discuss development of With existing technology, the cost of AEDs could be reduced to $1,500-3,500 merely by an increase in market volume. Further efforts to effect cost reduction include alternative means of distribution to permit direct sales, product standardization, and curtailment of marketing efforts by manufacturers. Product liability is a major impediment to the development of inexpensive devices.
The AHA could help reduce the cost of AEDs by 1. Establishing firm specifications for the devices that will be in effect for at least 5 years 2. Standardizing and fixing algorithms for defibrillation with a similar 5-year goal 3. Advocating the use of AEDs by specifically targeted groups and where large numbers of people congregate If the sales volume of AEDs were to increase approximately 16-fold, it is conceivable that defibrillators could be sold for less than $1,000. Such a device might have a single energy output, simple controls, integration of all electronic components, capacity for single use, and minimal or no event recording. Units would be replaced rather than serviced and would be sold by mail order or through an organization like the AHA. Training could be incorporated into the AHA's CPR courses or through other networks, and completion of the course would entitle the individual or organization to purchase one or more units.
The potential exists for design and manufacture of inexpensive AEDs. For this to become a reality, the AHA and other organizations need to develop specifications and promulgate the use of these devices. The AHA will also have to work with government agencies to minimize the product liability hazard to manufacturers.
Research Initiatives for Automatic
Defibrillator Development Two methods may increase the availability of automatic defibrillators. The first is to stimulate research and development on the basic components of defibrillators, for example better and less expensive batteries, capacitors, electrodes, and rhythm recognition circuitry. In addition, exploration of new technologies that may contribute to production of inexpensive defibrillators should be facilitated. Participation by a government agency is probably necessary. A clear recommendation from this task force that such a project is necessary and desirable is a major step in developing an appropriate research initiative in this area.
A second method is to evaluate the cost-effectiveness of a widespread program of early defibrillation by predicting the number of lives saved and the expense of such a program. The cost of each person-year saved could then be calculated and compared with that of other interventions. However, such data, although interesting, have little practical value without corroboration in real-world settings. The collection of data from areas in which defibrillation is widely used would be the critical test of a hypothesis developed from logical principles. A recommendation from the task force that such studies be carried out is a positive step toward the less expensive devices. widest possible dissemination of defibrillation skills.
AHA Task Force The Future of Cardiopulmonary Resuscitation 2349
Perceptions of the Possibility of Disease
Transmission by Cardiopulmonary Resuscitation
Training and Performance Cardiopulmonary resuscitation with mouth-to-mouth ventilation was first introduced three decades ago. Widespread training of the public occurred after the 1973 Standards Conference on CPR.11 The AHA's directive to teach large numbers of the lay public coincided with a unique era of relative freedom from the fear of severe respiratory contagion that would have hampered CPR training in earlier decades. Tuberculosis, other bacterial pneumonias, influenza, diphtheria, syphilis, and poliomyelitis are a few of the deadly diseases that caused countless deaths and engendered great fear. Any of these diseases could easily be spread by mouth-to-mouth ventilation; furthermore, they were largely untreatable and often fatal or severely debilitating. The use of powerful antibiotics and widespread immunization allowed the public to feel safe when exchanging saliva with strangers in CPR classes and with victims of sudden cardiac arrest. The greatest concern was about catching a cold or at worst the flu. It is ironic that this freedom from fear has been dispelled by concerns about the human immunodeficiency virus (HIV), which has not been shown to be transmitted by either saliva or respiratory aerosol.
The fear provoked by the spread of HIV is understandable, given the seriousness of the infection and its associated social stigma. Unfortunately, this anxiety may lead to excessive caution, particularly when dealing with strangers. Indeed, there is now a perceived decline in the willingness of both the lay public and health professionals to learn and perform CPR. Even basic life support course instructors have indicated concern, and some admit they would not give CPR to a stranger for fear of becoming infected with HIV. 12 The public's concern about transmission of HIV has been blamed on ignorance of the disease and mass hysteria. It is worthwhile for health professionals to place the issue in perspective. Is it unreasonable for the public to distrust the advice of scientific authorities on a health issue the existence of which was not even suspected until a decade ago? These same authorities gave the blood transfusions and factor VIII infusions during the late 1970s and early 1980s that caused many HIV infections and fatal cases of acquired immune deficiency syndrome (AIDS). The public's caution is understandable and can only be counteracted by continued education. Although health professionals may have less of an excuse to be unnecessarily frightened, their exposure to patients with serious infections is considerable and must also be adequately addressed. 13 It is obvious that mouth-to-mouth ventilation results in the exchange of saliva between victim and rescuer. However, saliva has not been implicated in the transmission of HIV even after bites, percutaneous inoculation, or contamination of open wounds with saliva from HIV-infected patients.14-20 Hepatitis B-positive saliva has also not been demonstrated to be infectious either when applied to oral mucous membranes or through sharing of musical instruments or CPR training manikins used by carriers of hepatitis B.20 Nevertheless, it is not impossible for blood to be exchanged during mouthto-mouth ventilation if there are open lesions or trauma to the buccal mucosa or lips of both rescuer and victim. In addition, tuberculosis, herpes, syphilis, meningococcus, and respiratory infections may be spread during mouth-to-mouth ventilation and by sharing CPR manikins. The implications of these facts on potential lay rescuers, health professionals, and participants in CPR courses have been discussed and have recently been published in a report by the Emergency Cardiac Care Committee of the AHA. 21 To allay the public's fears of participating in a CPR course and of giving mouth-to-mouth ventilation, it is important for the AHA and associated organizations like the American Red Cross (ARC) to publicize the known facts about HIV infectivity and the relative risk of giving CPR. It is also important that CPR classes be constructed to eliminate the need for participants to be exposed to any infection borne by respiratory aerosol or saliva.
The public should be vigorously reminded that the probability of becoming infected with HIV or the hepatitis B virus during CPR is extremely remote. The informed layperson should be motivated to perform CPR by the knowledge that a delay in initiating resuscitation could result in the death or disablement of a person who might otherwise survive. A strategy that may be useful in increasing knowledge of CPR among the lay public is to target for training the family members of patients at increased risk of sudden cardiac death. 22, 23 Bystander (non-emergency medical service personnel) concern about disease transmission can be largely assuaged by emphasizing that most episodes of unexpected cardiac arrest occur in victims' homes, where rescuers are likely to be family members or friends. This simple message needs continued emphasis to the lay public.
Another approach is to explore simple measures to avoid or minimize the need for mouth-to-mouth contact during performance of basic life support. One suggestion is to eliminate the provision of ventilation during the first few minutes after initiating CPR by using chest compression alone for a brief period of time until emergency medical service providers are on the scene. (Investigators in The Netherlands have proposed a variation in the standard "ABC" [Airway, Breathing, Circulation] format to a "CAB" format, thereby quickly circulating the reservoir of oxygenated blood presumably available in the left cardiac chambers, aorta, and pulmonary veins.24) An advantage of such an innovation is the simplicity afforded by delaying or avoiding the most difficult phase of basic life support. However, there are several disadvantages, not the least of which would be the potential failure to provide ventilation in cases of primary respiratory arrest or near-drowning. In addition, the method has not, to our knowledge, been tested or reported in humans. Finally, there is concern about deemphasizing the role of rescue ventilation, a measure that has been vigorously promoted for many years.
A second way to minimize mouth-to-mouth contact is to provide inexpensive, protective shields to all persons trained to give CPR. The major problem with such a tactic is its impracticality. Because the average person may be called on to initiate CPR perhaps once in a lifetime, it may be unrealistic to expect the general public to carry such devices at all times, inexpensive and small though they might be. It should also be remembered that one of the important attributes of contemporary basic life support is that no equipment is required to initiate a potentially lifesaving intervention.
Another approach is to teach ventilatory maneuvers that do not require direct oral contact. A number of techniques in use before 1960 have been set aside and largely forgotten because of the larger tidal volumes achievable by mouth-to-mouth ventilation. However, the Holger-Neilsen or similar techniques could be reexamined to determine their efficacy for provision of ventilation (and, less likely, of circulation) in instances of cardiac arrest.
Health professionals who are asked to provide CPR in the course of employment should have ready access to mechanical ventilation devices. Bag-valve-mask devices should be available and early endotracheal intubation encouraged when equipment and trained professionals are available. Masks with one-way valves and plastic mouth and nose covers with filtered openings are available and provide some protection from transfer of oral fluids and aerosols. Other devices such as S-shaped mouthpieces, masks without one-way valves, and handkerchiefs provide little, if any, barrier protection. Potential rescuers must be reminded that they have a moral and ethical obligation and, in some instances, a legal obligation to provide CPR, especially in the performance of their occupational duties.
The AHA guidelines specify that students or instructors should not use manikins in CPR training sessions if they have dermatologic lesions on their hands or in oral or circumoral areas, if they are known to be infected with the hepatitis virus or HIV, or have reason to believe that they are in the active stage of any infectious disease.
It should be emphasized that during CPR training, students are likely to be exposed to saliva only and not to blood or vomitus, as in a rescue situation. Training manikins have a one-way breathing system. The procedure during training has always been to clean the manikin's oral area with alcohol between uses by students. The manikin is therefore likely to be at least as clean as the eating utensils in a properly operated restaurant, if not more so. Nevertheless, to allay fears as much as possible, in routine ventilation training instructors should not allow participants to exchange saliva by performing mouth-to-mouth ventilation in sequence without barrier mouth pieces or special manikins that allow protection from such exchange. If a potentially infectious person is learning CPR, precautions should be taken to protect other participants from risk of infection. The chronically infected person should be given a separate manikin for practice that is not to be used by anyone else until it has been adequately disinfected.
Potential rescuers who know or suspect that they are infected with a serious pathogenic organism should not perform mouth-to-mouth ventilation if another rescuer who is less likely to be infectious is available or if the circumstances allow for another immediate and effective method of ventilation, such as mechanical ventilation devices.
If completion of a CPR course is a prerequisite for employment, it is the employer's responsibility to decide whether to waive that requirement if an employee is unable to complete a CPR course for any reason. The employer also must determine whether a chronically infected person should continue to work in a situation in which administration of CPR is a duty of employment.
Logistics and Motivational Aspects of Community Cardiopulmonary Resuscitation Programs
Despite the educational efforts of the AHA and the ARC, coronary heart disease affects approximately 6,160,000 Americans, results in more than 1.5 million heart attacks each year, and remains the number one cause of death in the United States.
The overall success of community-based CPR programs has been, and continues to be, influenced by a number of operational and educational factors, including the cost of such courses, availability of instructors, availability of courses, course programming, participant demographics, geographical diversity, market demand, and course design.
Course designs used by the two principal training agencies, the ARC and the AHA, may be of utmost importance and may also inadvertently create barriers to effective CPR training. Meticulous attention to detail, emphasis on the perfection of psychomotor skills, the establishment of standards instead of general guidelines, certification parameters involving pass/fail criteria, a regimented curriculum, and a failure to focus on prevention of cardiovascular diseases and the aspects of decisionmaking tend to create an atmosphere that promotes misconceptions and limits the educational effectiveness of CPR programs. Hence, it is appropriate to consider and reevaluate current philosophy and educational goals as well as new educational approaches.
Future efforts to educate the public about cardiovascular disease must focus on sending specific messages to specific audiences. Supplementing and modifying current programs will be necessary. For example: * Prevention of cardiovascular disease is an appropriate subject for all audiences. However, the extent of the message and its delivery should be tailored to older or younger audiences.
* Emphasis on psychomotor skills may remain high for professional rescuers (those with a duty to respond) but should be reduced for the lay public.
* Courses of instruction leading to course completion cards should be substantially different from basic educational programs like brief demonstrations or other public service messages. The use of instructional formats in markets not reached by current programs may require a change in the form of the message presented.
* The curriculum should be sufficiently broad and flexible to accommodate a variety of individual needs. In particular, the needs of the population most likely to be present during a cardiac arrest must be served. Low-stress, accessible learning environments for the older population and minority groups must be created.
*In light of the data on skill deterioration and retention,25 a wider array of educational programs that do not rely on pass/fail criteria should be considered.
To enhance the overall effectiveness of messages from the AHA and the ARC, some specific opportunities should be considered. These include * The support and involvement of the American Association of Retired Persons in delivering educational messages (not necessarily formal programs) to older adults * The support, involvement, and political action of educational groups, such as the National Education Association; the American Alliance for Health, Physical Education, Recreation and Dance; and the National Heart, Lung, and Blood Institute, in developing a variety of CPR programs for all educational levels * More emphasis on CPR training for the general population. This emphasis must include the use of the media to present simple, limited-content messages that will increase the likelihood of survival of the individual and encourage people to learn more about cardiovascular health.
* Reexamination of the 1975 standards for use of manikins in CPR training programs. Over the years, these standards have led to greater costs and excessive attention to perfection of psychomotor skills instead of basic decision-making skills and modification of behavior as it relates to cardiovascular disease. Survival skills must be clearly distinguished from medical procedures. * Greater use of hospital wellness components to deliver community programs but not necessarily to be concerned with certification or course completion cards * Massive media attention focusing on the need to know CPR as well as basic steps to follow in an emergency. This media blitz must deliver a wide variety of messages to capture diverse audiences.
* Involvement of the emergency medical service system's prehospital care providers in large-scale efforts to teach communities about prevention of cardiovascular disease, recognizing signals of an emergency, and what a bystander can do for a cardiac arrest victim * Greater involvement of the American Medical Association in educating individuals and families about the need for healthier lifestyles and about what to do in emergencies. This education should be aimed at the general public and not exclusively at individuals and families at high risk for cardiovascular disease.
* Increasing efforts to establish early defibrillation programs in all communities. This message about early defibrillation should be carried as part of the basic CPR educational message. * Extensive use of public service announcements on both television and radio Reappraisal of Present Standards for Ventilation The Task Force on the Future of Cardiopulmonary Resuscitation discussed concerns about whether the present "Standards for Ventilation" address all situations in which ventilation is required; for example, blood flow is extremely low during CPR for cardiac arrest: is it necessary to ventilate patients with normal minute ventilation when cardiac output is limited? It was thought that the "Standards for Ventilation" should be reviewed with consideration of the scenarios in which ventilation is used.
These situations can be viewed in terms of the skills of the rescuer, whether lay person, first provider, emergency medical technician, or paramedic. They can also be viewed in terms of the type of arrest, for example the type of equipment available, for example mouth-tomouth resuscitation versus bag-valve-mask versus automatic ventilators. Two pioneers in the development of CPR, Dr. Jim Elam and Dr. Peter Safar, spoke to the committee during its deliberation. Dr. Elam emphasized that rescue breathing with the mouth-to-mouth technique was used for resuscitation before the development of external chest compression. Early on, this skill was much more widely taught and emphasized as a stand-alone technique. Dr. Elam also emphasized that a large group of patients, such as near-drowned children, would benefit from mouth-to-mouth resuscitation in the absence of external chest compressions. All CPR courses should reinforce the concept that rescue breathing has an important role in the apneic patient. Dr. Elam further discussed the role of various adjuncts for ventilation and gave an important perspective on polio, the first communicable disease that threatened the use of CPR.
Dr. Elam's presentation stimulated many questions from the committee. Of particular interest were his comments on the various manual maneuvers used for ventilation before the adoption of the mouth-to-mouth technique. Many committee members wondered whether adequate ventilation could occur with only external chest compression, and it was suggested that because cardiac output was low, a lower minute ventilation produced by the rhythmic changes in intrathoracic pressure might be adequate during CPR. Dr. Elam said that airway obstruction caused by the soft tissues of the hypopharynx would prevent any manual procedure from being particularly effective.
Dr. Safar's studies of volunteers who were given curare demonstrated that only mouth-to-mouth ventilation provided adequate oxygenation in otherwise healthy persons. However, the committee pointed out that these subjects had normal cardiac output and asked again whether this level of minute ventilation would be necessary during CPR. Dr. Safar noted that of the manual techniques, the arm lift technique with support under the back gave the best open airway.
The committee considered the direction research on techniques for ventilation during both respiratory and cardiac arrest should take. Clearly, all lay providers should learn that mouth-to-mouth ventilation has a role in the resuscitation of apneic victims. This can best be emphasized by teaching mouth-to-mouth ventilation (rescue breathing) on manikins more lifelike than those presently used. The committee therefore recommended the drafting of specifications for more realistic teaching aids to be submitted to manikin manufacturers.
The committee also thought it was important to reevaluate the present standards for ventilation, especially those for victims with an unprotected airway. The problem of an unprotected airway arises not only during resuscitation attempts by laypersons but also when emergency medical technicians perform ventilation. The committee also thought it important to evaluate devices presently available for ventilation. Some data suggest that certain devices are not suited for ventilation of patients with an unprotected airway. The committee was particularly interested in whether the new generation of automatic transport ventilators has a role in respiratory arrest versus cardiac arrest, or in terms of prehospital care.
Finally, the committee emphasized the need for controlled scientific studies to evaluate all present recommendations for ventilation. Only through such studies can educated decisions be made for improvement of ventilation during resuscitation.
Open-Chest Cardiac Compression
Thoracotomy and direct manual compression of the heart for resuscitation were first performed in dogs in the second half of the nineteenth century. A number of clinical studies have reported initial resuscitation rates of 19-46%, and hospital discharge rates of 3-19% in selected groups of patients. [26] [27] [28] [29] [30] Open-chest cardiac massage was quickly displaced by the technique of closed-chest cardiac compression introduced in 1960. Combined with effective external defibrillation, closed-chest compression was appealing because it was easily taught, required no tools or advanced technical or surgical ability, and was bloodless. Thoracotomy could realistically be considered primarily in a hospital setting and was usually performed by surgeons, whereas closed-chest massage could be performed anywhere after only brief training, and potentially effective resuscitation could begin before arrival at the hospital. Therefore, although the first AHA Standards for CPR and Emergency Cardiac Care10 indicated that open-chest cardiac massage was appropriate if closed-chest massage appeared to be ineffective, open-chest massage is, in fact, rarely done today (except in cases of trauma and tamponade).
However, there has been a recent revival of interest in the open-chest techniques, based on recent experimental and clinical studies, which are reviewed below.
Experimental Studies
A number of experimental studies, performed primarily on dogs, have yielded detailed information on the hemodynamic effects of open-chest massage and have also compared that technique with closed-chest compression. Compared with the latter, open-chest massage generates higher arterial mean and diastolic pressures and lower venous pressures; perfusion pressure across myocardial and cerebral perfusion beds is thereby increased. Cardiac output is higher, organ perfusion is improved, and renal perfusion is substantially enhanced with open massage. In addition, maintenance of normal electroencephalographic activity and superior neurological outcome has been documented in animal models. Resumption of spontaneous circulation in dogs was accomplished with fewer countershocks and less drug therapy after open-chest massage was carried out.
The apparent superiority of open-chest resuscitation in experimental models that simulate clinical sequences lends support to the position that open-chest massage should be undertaken in patients in whom closed-chest massage appears ineffective. However, the critical importance of time must be emphasized. Sequential studies of closed-chest techniques followed by open-chest procedures demonstrate that open-chest cardiac massage instituted after a long period of ineffective closedchest compression will not improve the outcome of
Clinical Studies
Clinical reports of open-chest cardiac massage have tended to be less controlled than animal studies and have focused on resuscitations performed in the operating room, where personnel and equipment for emergency thoracotomy are more likely to be available.
Several studies of open-chest procedures have reported survival rates of 17-36%. [26] [27] [28] [29] [30] As might be expected, prompt therapy of patients who were successfully resuscitated was critical. No benefit of open-chest massage compared with closed-chest massage was reported in one prospective randomized emergency room trial, in which the total time before cardiac massage was begun averaged 30 minutes.31 Forty-nine patients were studied; there were no long-term survivors. The authors wrote that "[a] total prehospital arrest time of more than 20 minutes appears ... to result in physiologic deterioration that cannot be reversed by manual heart massage."
Future of Open-Chest Cardiac Massage
There is convincing evidence from animal studies that open-chest cardiac compression is superior to closedchest techniques, yielding improved cardiac output, better cerebral and myocardial perfusion, and increased survival with less neurological damage. Some experimental models have simulated clinical conditions. However, the clinical data available are limited, and come mainly from in-hospital and especially operating room experience. There is a striking lack of controlled data comparing open-and closed-chest compression in humans and of details on hemodynamics, early and longterm survival, and residual neurological and cardiac disability.
A major limitation of any resuscitative effort is reversibility: the condition responsible for cardiac arrest must be reversed if resuscitation is to be effective in the long term. Thus, the lives of drowning victims, patients with ventricular fibrillation, or patients with drug reactions are potentially salvageable, whereas patients dying of end-stage heart disease or other chronic disabling disorders are unlikely to benefit from resuscitation, regardless of how it is performed.
Opinion is divided about the wisdom of further exploring the use of open-chest compression. Certainly primary emphasis should be on reversing ventricular fibrillation, when present, and establishing adequate pulmonary ventilation. In appropriate clinical settings, however, prospective and randomized trials of open-chest compression may be considered. A possible design might include randomized assignment to one of three groups: closed-chest CPR only; immediate thoracotomy and open-chest compression; and initial closed-chest massage to be followed, when appropriate time and hemodynamic criteria are met, by open-chest compression.
At present there is insufficient evidence to recommend open-chest cardiac compression as the technique of first choice; however, there is enough experimental evidence and tantalizing clinical experience to justify a randomized clinical trial.
Prophylactic and Therapeutic Interventions for
Diminishing the Consequences of Cerebral Ischemia After Resuscitation Anoxic encephalopathy after cardiac arrest is primarily resuscitation. due to profound cerebral ischemia during cardiac arrest and resuscitation. The time from onset of cardiac arrest to restoration of effective circulation to the brain is critical, with progressive cerebral damage beginning within 2-3 minutes and irreversible damage by [10] [11] [12] minutes.32 Continuous external cardiac compression provides borderline cerebral blood flow that can preserve cellular integrity for only a limited time (probably less than 20-30 minutes).33 Rapid restoration of adequate hemodynamics with external defibrillation, ventilation, and pharmacological adjuncts is the most important factor in diminishing the neurological consequences of cardiac arrest.
After effective cardiac resuscitation, cerebral reperfusion begins. With extensive and severe anoxic-ischemic injury, reperfusion may exacerbate neuronal cell death. Reperfusion of neurons with membrane integrity and cellular energy stores already compromised may result in further abnormalities of ionic membrane gradients, increased cellular calcium accumulation, cellular edema, and destructive oxygen free radicals. 30 Although a number of post-cardiac arrest therapies have been used to improve neuronal viability, there is little scientific data to substantiate their clinical efficacy. Calcium channel blockers, barbiturates, steroids, and free radical scavengers have not been effective. Cerebral hypothermia to reduce metabolic oxygen demand may have a role in some situations, but the logistics of such a treatment severely limit its use.
Until innovative advances are made in the reduction of cerebral injury after cardiac arrest, the most important approach to diminishing the incidence of post-cardiac arrest anoxic encephalopathy is to shorten the ischemicanoxic time by prompt and effective resuscitation. Recommendations 1. The availability of automatic external defibrillators to large numbers of people appropriately trained in their use is essential to increased survival of cardiac arrest. The task force therefore recommends that the AHA * Propose and support legislation and other measures to facilitate the availability and use of AEDs in all places where more than 10,000 people gather * Propose and support legislation and policies requiring that all ambulances be equipped with defibrillators and that all traditional first responders to emergencies be trained in their use * Take necessary measures to ensure that appropriate agencies are aware of the critical need for continued research on AED efficacy and for the development of inexpensive and simple AEDs. These measures should be described in a research initiative written and distributed by the AHA.
* Convene a multiorganizational group to establish a single set of specifications for AEDs to permit the development of low-cost, standardized units 2. Current CPR instruction has been successful in many areas. However, it is clear that these programs have not reached large segments of the population and, if unchanged, will have little effect on cardiac mortality in these groups. Therefore, the task force recommends the following: * A program, which might be called "First Life Support," should be developed to provide an individual with the basic, minimal preparation necessary to respond to a medical emergency. In this program, mass media would be used to reach populations to whom CPR training is not currently provided. The program would communicate three simple messages: First, if a victim becomes unresponsive, a bystander should call 911 or the appropriate local emergency number. Second, a short and simple message about CPR should convey the idea that as a minimum, chest compressions should be done until help arrives. Third, the First Life Support program should include the message that unresponsiveness in children is usually secondary to hypoxia. Rudimentary skills of artificial ventilation should be discussed in this message. The program must be structured to encourage interested persons to enroll in a traditional CPR course. As a part of this program, CPR courses for the lay public should be made as appealing, simple, and effective as possible. * With the development of a "First Life Support" program, survival of cardiac arrest must be documented in areas with sophisticated emergency medical services and in those with limited services to determine the effectiveness of the program. * Legislation or policies should be developed to enable all high school students to take a CPR course in which the First Life Support program and early defibrillation concepts are recognized.
3. Further efforts should be made to educate the public about the lack of evidence for transmission of infection through training with manikins or CPR itself. In addition, the likelihood of the victim's being a family member or otherwise known to the rescuer should be emphasized. 4 . A research initiative should be developed, perhaps for the National Heart, Lung, and Blood Institute, for a clinical study of the use of open-chest cardiac compression in the cardiac arrest victim. In particular, this study should examine the benefit-risk relation of early openchest compression in the emergency department.
5. Successful resuscitation depends on resupplying oxygen to tissues most sensitive to its absence. The cerebral cortex is the most sensitive to ischemia and will show permanent damage or cease to function very early in a cardiac arrest. Therefore, it is essential to obtain a better understanding of the basic pathophysiology of global ischemia of the brain and of reperfusion injury. The task force recommends the development of a research initiative for both public and private funding that would encourage basic research into protection of the brain during cardiac arrest.
6. The committee believes that it is premature to recommend major changes in basic life support techniques at this time. However, in view of the many social and public health implications of providing CPR, it seems appropriate that an AHA committee or subcommittee monitor, study, and provide continuing guidance for research efforts in the coming years.
